Since its inception in 1919, the Journal of Dental Research has continually published high-quality articles that span the breadth of research topics relevant to dentistry, oral surgery, and medicine. As part of the journal's centennial celebration, we conducted an electronic search on Scopus to identify and analyze the top 100 most cited articles from 1919 to 2018. Since Scopus does not capture older citations, we conducted an additional analysis by Google Scholar to identify key articles published in the first 50 y of the journal. Based on Scopus, the articles were ranked in descending order per their citation counts. The citation counts of the 100 most cited articles varied from 262 to 1,503. The year in which the largest number of top 100 articles were published was 2004 (n = 6). Within the top 100, the majority of articles originated from the United States (n = 52). Research Reports-Biomaterials & Bioengineering was the most frequent category of cited articles (n = 35). There was no significant association between total citation count and time since publication (correlation coefficient = -0.051, P = 0.656). However, there was a significant negative association of citation density (correlation coefficient = -0.610, P < 0.01) with time since publication. Our analyses demonstrate the broad reach of the journal and the dynamics in citation patterns and research agenda over its 100-y history. There is considerable evidence of the high variance in research output, when measured via citations, across the globe. Moreover, it remains unclear how patients' priorities and dental health care needs are aligned with the perceived influence of single research pieces identified by our search. Our findings may help to inspire future research in tackling these inequalities and highlight the need for conceptualizing research priorities.
Introduction
"Journal of Dental Research will neither be a supply-house dummy, nor an advertising circular. It will endeavor to equal in quality the best of the research journals in the medical and biological sciences." These promising words were written by William J. Gies (the founding editor) in the introductory article of the first volume of the Journal of Dental Research (JDR) in 1919. Today, the JDR is ranked number 1 or 2 in dentistry in almost all the key metrics that are available, and it comprehensively covers research in the dental, oral, and craniofacial sciences. On its inception in 1919, the JDR published 4 issues per annum, which increased to 6 in 1928. The journal kept growing and started publishing 12 issues per year from 1977. Since 2016, the journal has published 13 issues every year, reflecting the strong influence that it is having in the scientific community, with thousands of papers being submitted from all over the world.
When journals celebrate a significant anniversary, editorials (Shugan 2006; Barley 2016) , special issues (Kozlowski et al. 2017 ), reviews (Van Fleet et al. 2006) , and bibliometric overviews (Merigó et al. 2015) are oftentimes conducted and published. To date, no bibliometric analysis has been performed to celebrate the 100th anniversary of any professional dentistry journal.
While citations are by no means an infallible indicator of whether a piece of research is useful to researchers or clinicians (Bellini 2012) , citations of research within 1 research domain associate well with other indices of scientific acknowledgment (Parker et al. 2013) . Citations and citation analysis can be used to quantify the impact of a publication, an author, a topic of discussion, a country, a journal, a given disease, or a specialty (Ibrahim et al. 2012) . Bibliometric analysis building on citation analysis aids in providing information on the dominant areas of a research field, as well as indicating its growth and development (Park et al. 2017) .
Therefore, to highlight the changing trends, dominant study designs, centers of excellence, and most substantial advancements made over time in dental research, this study aimed to analyze the scientific impact, as measured by citations, of articles in the JDR over the last 100 y. This article complements other centennial celebrations, such as the JDR Centennial Articles and the Historical Highlights series Jakubovics and Giannobile 2019) .
Methods

Search Strategy
An electronic literature search was performed on May 20, 2019 , with Elsevier's Scopus (from 1919 . The search subject was "Journal of Dental Research" in the source title with no restriction on study design of the article. According to Scopus, out of 20,502 results, the top 100 articles were identified per the citation counts received. The selected articles were ranked in descending order on the basis of their citation counts. After the top 100 articles were ranked, they were then crossmatched with the citation data from Clarivate Analytics' Web of Science (WoS) Core Collection and Google Scholar to assess any fluctuation in citation counts. Google Scholar was also used to systematically search for the top 5 articles from each of the first 5 decades of the JDR. Since Google Scholar does not allow sorting of articles based on the citation counts, the top 400 papers from each decade were screened for those with the highest citation counts.
Data Extraction and Bibliometric Parameters
The top 100 most cited articles were included, and their complete text was obtained. The following bibliometric parameters of each article were recorded: article title, citation count, citation density (i.e., average number of citations received by an article per annum; Li et al. 2015) , current citation index (i.e., number of citations received in 2018), year of publication, authorship, country of origin, institution of publication (based on the corresponding author), study design, and field of interest. The articles were categorized per the classification that is used in the index of the journal for each issue-that is, Reviews, Research Reports-Biomaterials & Bioengineering, Research Reports-Clinical, and Research Reports-Biological.
Data Analysis
The Visualization of Similarities viewer software (van Eck and Waltman 2009) was used for graphical mapping of the bibliometric material, including co-citation (Small 1973) and bibliographic coupling (Kessler 1963) , and to create collaboration network maps among contributing authors and countries as well as co-occurrences of all keywords.
Statistical Analysis
Descriptive and bivariate analyses were performed with SPSS 24.0 (IBM). The Shapiro-Wilk test was used to detect departures from normality. Mean (standard deviation) or median (interquartile range) was used depending on the distribution of data and normality. The Kruskal-Wallis test was performed to determine if the difference in the median of ≥2 independent groups was statistically significant. When necessary, Bonferroni post hoc testing was used for testing significant difference between each pair of variables. For testing and determining correlations among several variables, the Spearman rank test was performed. The significance level was set to P < 0.05.
Results
Citation Count, Citation Density, and Current Citation Index
Based on the Scopus database, the ranking of the top 100 most cited articles is shown in Table 1 , including the title, first author, year of publication, country of origin, institution of origin, total citation counts, citation density, and current citation index. The top 100 most cited articles received 41,822 citations. The citation range was 262 to 1,503. Citation densitythat is, the average number of citations per annum-was 418.22 collectively. The most cited article, with 1,503 citations, was "A Simple Method of Increasing the Adhesion of Acrylic Filling Materials to Enamel Surfaces" (Buonocore 1955) , with a citation density of 23.85. This was followed by "Factors Affecting Wound Healing" (Guo and DiPietro 2010) , with 1,323 citations and a citation density of 165.37. The thirdranked article, with 1,146 citations, was "Stem Cell Properties of Human Dental Pulp Stem Cells" (Gronthos et al. 2002) , with a citation density of 71.62. The article with the highest citation density (i.e., 165.37) was "Factors Affecting Wound Healing" (Guo and DiPietro 2010) . The mean citation density was 27.53 (range, 4.8 to 165.37) . Based on the current citation index (citation count in 2018), the first-ranked article, with 261 citations, was "Factors Affecting Wound Healing" (Guo and DiPietro 2010) . The second-ranked article, with 124 citations, was "Global Burden of Oral Conditions in 1990-2010: A Systematic Analysis" (Marcenes et al. 2013) . The third-ranked article, with 116 citations, was "Global Burden of Severe Periodontitis in 1990-2010: A Systematic Review and Metaregression" (Kassebaum et al. 2014) .
Data on the citation count, citation density, and age of publication were not normally distributed (Shapiro-Wilk test; P < 0.01). There was no significant association between citation count and length of time since publication (correlation coefficient = -0.051, P = 0.656; Fig. 1A ). There was a negative significant association between citation density and time since publication (correlation coefficient = -0.610, P < 0.01; Fig. 1B) . Generally, the order of the top 100 articles in the Scopus analysis agreed well with 2 other citation indices: WoS Core Collection and Google Scholar (Table 1) . However, citation counts were generally slightly lower in WoS and higher in Google Scholar.
Year of Publication
The top 100 most cited articles were published between 1954 (Salley 1954 ) and 2015 (Kassebaum et al. 2015) . It is important to note that the Scopus database currently includes citations dating only to 1970; therefore, older papers are not adequately represented in this analysis. Google Scholar provides a broader analysis that includes citations dating back to the start of the JDR. All top 100 papers in Table 1 had >360 citations by Google Scholar. An analysis of the top 20 papers published between 1919 and 1969 with Google Scholar (Appendix Table 1 ) identified 17 papers with >360 citations. The top 5 papers were already included in the Scopus top 100, with 2 others from the top 10. The other 10 papers had citation counts ranging between 383 and 546, which was toward the lower end of the citation counts of articles in Table 1 . It is highly unlikely that more than a handful of these older papers would have been included in the overall top 100 papers with Google Scholar. Therefore, the limitation of the Scopus database for identifying older papers did not appear to have a major influence on the identification of the top papers throughout the history of the JDR. By the Scopus analysis, the highest number of articles published in a single year was 6, and this occurred in 2004. The number of most cited articles published was 4 during the 1950s, 3 during the 1960s, 2 during the 1970s, 18 during the 1980s, 24 during the 1990s, 35 from 2000 to 2009, and 14 from 2010 onward (Fig. 2) . The number of top-cited articles reached its peak from 2000 to 2010 (n = 39). Of the top 100 articles, 49% were published after 1999.
Contributing Authors
A total of 334 authors contributed to the top 100 most cited articles. The most contributions were made by Pashley (n = 9; 2,447 citations), van Meerbeek (n = 7; 3,598 citations), Lambrechts (n = 6; 3,239 citations), Tay (n = 5; 1,709 citations), Davidson (n = 4; 2,228 citations), de Munck (n = 4; 2,485 citations), Marcenes (n = 4; 1,492 citations), Tjäderhane (n = 4; 1,354 citations), Vanherle (n = 4; 1,567 citations), and Yoshida (n = 4; 1,713 citations). In terms of the total citation count, the most cited authors were van Meerbeek (2,523 citations), Lambrechts (3,239 citations), and de Munck (2,485 citations). The bibliographic coupling of authors that published in the JDR is shown in Appendix Figure 1 .
Country and Institution of Publication
According to the institutional address of the corresponding author, individuals from 16 countries contributed to the top 100 articles (Fig. 3 ). Among these, the United States had the largest number of publications (n = 52) than any other country. Among 71 institutions, the greatest contribution was made by the School of Dentistry, Catholic University of Leuven, Belgium (n = 7), followed by the Academic Center for Dentistry Amsterdam, University of Amsterdam, Netherlands (n = 4); 
Article Category
The most common article category of the top 100 most cited articles was Research Reports-Biomaterials & Bioengineering (n = 35), followed by Reviews (including systematic reviews; n = 27), Research Reports-Clinical (n = 26), and Research Reports-Biological (n = 12; Fig. 4) .
However, the difference in the median number of citations per article was nonsignificant (P = 0.538) among Research Reports-Biomaterials & Bioengineering (426; range, 265 to 1,503), Reviews (420; range, 262 to 1,323), Research range, 266 to 1, 112) , and Research Reports-Biological (388; range, 262 to 1,146).
Field of Interest
Major fields of interest in the top 100 most cited articles were materials science (n = 28), oral biology (n = 13), periodontology (n = 11), restorative dentistry (n = 10), caries (n = 9), regenerative dentistry (n = 6), implant dentistry (n = 5), bone morphology/histology (n = 4), oral hygiene (n = 4), oral medicine/ pathology (n = 3), prosthodontics (n = 2), orthodontics (n = 2), behavior management (n = 2), and endodontics (n = 1).
The difference in the median number of citations per article was nonsignificant (P = 0.891) among the following: materials science (426; range, 262 to 1,503), oral biology (390; range, 266 to 1,112), periodontology (392; range, 289 to 757), restorative dentistry (350; range, 293 to 599), caries (327; range, 268 to 418), regenerative dentistry (567; range, 267 to 1,146), implant dentistry (413; range, 262 to 772), bone morphology/ histology (756; range, 278 to 1,323), oral medicine/pathology (386; range, 283 to 499), oral hygiene (336; range, 269 to 435), prosthodontics (379; range, 362 to 395), orthodontics (277; range, 264 to 290), and behavior management (544; range, 382 to 706).
Keywords
Of the 100 top-cited articles, 674 unique keywords were identified. The most frequently occurring were dentin (n = 13), in vitro (n = 10), adhesion (n = 7), inflammation (n = 6), plaque (n = 6), expression (n = 5), epidemiology (n = 5), dental caries (n = 5), enamel (n = 5), degradation (n = 4), NF-kappa-b (n = 4), periodontal disease (n = 4), in vivo (n = 4), prevalence (n = 4), durability (n = 4), caries (n = 4), oral health (n = 4), and teeth (n = 4). The co-occurrence of all keywords of articles published in the journal is shown in Appendix Figure 2 .
Older Papers (1919 to 1969) Since the top 100 papers included only 7 papers from the first 50 y of the JDR and none from the first 30 y, a separate analysis was conducted by Google Scholar to identify the most highly cited papers from each of the first 5 decades (Table 2) . There was a clear increase in citation counts for the first 4 decades: the range of citations for the top 5 papers was 50 to 144 between 1919 and 1929, 164 to 239 between 1930 and 1939, 217 to 517 between 1940 and 1949, and 526 to 4,015 between 1950 and 1959 . The range of top citations was slightly lower between 1960 and 1969, from 437 to 2,126. Until 1959, the top 5 most highly cited papers for each decade were from North America: 1 from Canada and the rest from the United States. However, only 2 of the top 5 papers between 1960 and 1969 were from the United States; the others were from Denmark, the Netherlands, and Japan.
Discussion
This study aimed to determine and analyze the main features of the top 100 most cited articles published in the JDR. An article having ≥400 citations is considered, by some, a "classic" article based on the field of research (Yılmaz et al. 2019) ; however, in a field with fewer researchers, a publication having ≥100 citations may already fall into this category (Andersen et al. 2006 ). Based on this, the JDR has published 30 articles (0.14%) that have secured ≥400 citations and 729 (3.5%) that have secured ≥100 citations throughout its history of 100 y. Therefore, in the present study, all 100 articles could be considered as classics based on their citation counts, with 100 citations as the threshold. The classic articles were cited between 262 and 1,503 times when the analysis was performed with Elsevier's Scopus. We also retrieved the top 100 articles with the WoS Core Collection (Table 1) . Overall the identified articles were very similar to those retrieved by Scopus, although citation counts were approximately 4% higher on average with Scopus. At the lower end of Table 1 (positions 88 to 100), there were several differences between the platforms. More important, 5 articles dating between 1955 and 1963 were not identified by the WoS Core Collection. For example, the most heavily cited article in Scopus, with a citation count of 1,503, was "A Simple Method of Increasing the Adhesion of Acrylic Filling Materials to Enamel Surfaces" (Buonocore 1955) . This article unveiled the concept of adhesion in restorative dentistry by describing a novel procedure for acid etching to increase adhesion of acrylic filling materials, and it was the most highly cited article according to Google Scholar too. This key paper was overlooked by the WoS Core Collection. It was identified by searching the WoS All Databases, but even then, many citations were missed and the total citation count was only 385. The other highly cited articles that were not identified in the WoS Core Collection were "Age Variation of Formation Stages for Ten Permanent Teeth" (Moorrees et al. 1963) , "Variations in the Growth Pattern of the Human Mandible: Longitudinal Radiographic Study by the Implant Method" (Björk 1963) , "A System of Classification and Scoring for Prevalence Surveys of Periodontal Disease" (Russell 1956) , "Dental Caries in the Molar Teeth of Rats: II. A Method for Diagnosing and Scoring Several Types of Lesions Simultaneously" (Keyes 1958) , "Effect on Caries of Restricting Sugars Intake: Systematic Review to Inform WHO Guidelines" (Moynihan and Kelly 2014) , "Oral Health-Related Quality of Life: What, Why, How, and Future Implications" (Sischo and Broder 2011) , "The Continuum of Dental Caries: Evidence for a Dynamic Disease Process" (Featherstone 2004) , and "12-Year Survival of Composite vs. Amalgam Restorations" (Opdam et al. 2010 ). It is not clear why these articles were missed when the WoS Core Collection was searched.
Generally, there was a fluctuation in the citation counts when different databases were interrogated; for example, the range of articles varied from 262 to 1,503 (Scopus), 239 to 1,130 (WoS), and 361 to 4,015 (Google Scholar). This fluctuation highlights the significance of choosing an appropriate database in scientometry. Google Scholar and WoS were not selected as benchmark databases in this study, for several reasons. Google Scholar contains citation data from thesis and dissertations, technical reports, conference papers, books, and preprints, which can influence the analysis of the top publications when the target is more specific, as in the current study. Also, there is no means to order search results by citation counts in Google Scholar, which is a major limitation for citation analysis. In WoS, missing references are a significant problem, which is a potential reason why Buonocore's highly cited article in Scopus and Google Scholar was so undercited in WoS. The problem of incorrect references is even more serious (van Eck and Waltman 2019). The Scopus database was used as a benchmark for several reasons. First, Elsevier developed the Scopus database, combining the features of WoS and PubMed. These combined features allow for improved utility for academic requirements (citation analysis) and medical literature research (Falagas et al. 2008) . Second, Scopus is considered the largest abstract and citation search engine of peer-reviewed literature. It is designed to facilitate researchers in not only accessing scientific data but studying literature for the purpose of analyses, and it has been used in several published bibliometric studies (Chiang et al. 2018) . Third, Scopus includes a more expanded spectrum of journals (n = 12,850) than WoS (n = 8,700), and its citation analysis is faster and includes more articles than that of WoS (Walsh et al. 2018) . In a recent study performed to assess the accuracy of citation data in the Scopus and WoS databases, the authors reported that WoS contained 55% missing references, 26.7% error in references (e.g., incorrect publication year or volume number), and 16.7% incorrect references (also known as phantom references; van Eck and Waltman 2019). Overall, we thought that Scopus was the best tool for identifying highly cited articles from the archives of the JDR.
Year of publication is a definitive indicator of citation count that a paper would receive. Generally, older publications gain more citations than more recent papers, regardless of their impact, given that there is more time to cite them (Ugolini et al. 2012) , and articles published in the last 15 y usually do not appear in the most frequently cited articles in many fields of research (Feijoo et al. 2014 ). We, however, observed a mixed trend, with 51% of highly cited articles being published between 1919 and 1999 and 49% articles between 2000 and 2015. In total, 33 of the 100 papers were published in the last 15 y (2004 to 2018). It is important to note that the Scopus database includes citations only from 1970 onward; therefore, many pre-1970 citations of papers published in the JDR were not counted. However, even after allowing for this, there was no clear correlation between article age and citation rate for the papers published since 1970, where the citation counts should be complete. We assume that the quality of an article and its perceived relevance to the clinical practice and research determine citation sums more than mere article age. In line with this, several articles published after 2015 also received a relatively high number of citations, although it is too early to foresee whether these publications will be cited more often as time passes.
The results of this study support previous findings (Fenton et al. 2002; Paladugu et al. 2002; Kindler 2004a, 2004b ) that the first authors as well as the corresponding authors from Asia, the Middle East, and Africa made a negligible contribution to the top 100 most cited articles. This might be due to constraints in conducting research and achieving publication, as well as to language barriers and a lack of access to information. Clearly, there is a need to shift the emphasis and promote research related to dentistry in developing countries where the burden of oral diseases is more widespread (Uthman et al. 2013) . It is important that key organizations, such as the World Health Organization and the United Nations, help to promote oral health research in low-and middle-income countries to address these global inequalities. received no financial support and declare no potential conflicts of interest with respect to the authorship and/or publication of this article.
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